Oxidized LDL (OxLDL), a causal factor in atherosclerosis, induces the expression of heat shock proteins (Hsp) in a variety of cells. In this study, we investigated the role of CD36, an OxLDL receptor, and peroxisome proliferator-activated receptor γ (PPARγ) in 
Introduction
Expression of Hsp70 protein is increased in atherosclerotic lesions, which correspond to sites of LDL oxidation and/or of oxidized LDL (OxLDL) accumulation Kanwar et al., 2001; Han et al., 2003; Metzler et al., 2003; Zhou et al., 2004) . In addition, plasma concentrations of Hsp70 were shown to increase in patients with cardiovascular disease, including atherosclerosis . Treatment of macrophages with OxLDL significantly increased Hsp70 concentrations in culture supernatants, which could induce pro-inflammatory cytokines such as IL-1 and IL-12 secretion in naїve macrophages (Svensson et al., 2006) . The effect of OxLDL on cytokine production can be blocked by the inhibition of Hsp70 transcription, inhibition of Hsp70 secretion, or by the use of Hsp70 neutralizing antibodies. These results suggest that OxLDLmediated Hsp70 expression may play a role in human vascular diseases.
CD36, a major OxLDL receptor, is an 88-kDa cell surface glycoprotein consisting of two hydrophobic domains located at the N-and C-termini of the protein (Febbraio et al., 2001) . CD36 was originally identified as a platelet membrane glycoprotein and a receptor for thrombospondin (TSP-1) (Li et al., 1993) . CD36 expression has been identified in monocytes/macrophages, microvascular endothelial cells, smooth muscle cells, adipocytes, skeletal muscle, dendritic cells, and breast and retinal pigment epithelium (Febbraio et al., 2001) . CD36 binds to TSP-1, OxLDL, apoptotic cells, collagen, Plasmodium falciparum-infected erythrocytes, long-chain fatty acids, anionic phospholipids, and LDL modified by monocyte-generated reactive nitrogen species (Febbraio et al., 2001) . CD36 also recognizes native lipoproteins HDL, LDL and VLDL (Calvo et al., 1998) .
OxLDL binding to CD36 induces the activation of PPARγ, a member of a nuclear hormone receptor superfamily that heterodimerizes with the retinoid X receptor (RXR) (Jiang et al., 1998; Tontonoz et al., 1998) . CD36-mediated endocytosis internalizes PPARγ ligands and activators and lipid moieties of OxLDL (Nicholson et al., 1995) . Subsequent liganddependent sumoylation of the PPARγ inhibits the signal-dependent removal of nuclear receptor corepressor (NCoR), leading to the trans-repression of inflammatory response genes Pascual et al., 2005) . Thus, OxLDL suppresses pro-inflammatory responses by activating PPARγ, and at the same time, stimulates production of pro-inflammatory cytokines by inducing Hsp70 expression. Although the ability of OxLDL to induce Hsp70 expression has been clearly demonstrated, the molecular mechanism by which CD36 and PPARγ regulates OxLDL-induced Hsp70 expression has not yet been established. In the present study, using human monocytic U937 and breast carcinoma MCF-7 cells that express CD36 and PPARγ (Elstner et al., 1998; Lee et al., 2004) , we investigated the roles for CD36 and PPARγ in OxLDL-induced Hsp70 expression. Our findings demonstrate that OxLDL binding to CD36 inhibits Hsp70 gene expression at the translational level in monocytes through a PPARγ-dependent pathway. 
Materials and Methods

Reagents and antibodies
DNA constructs and transfection
Human CD36 cDNA was kindly provided by Dr. Brian Seed (Massachusetts General Hospital, Department of Molecular Biology, Boston, MA). Dominant negative CD36 constructs were obtained by PCR using 10 pmol of sense primer I (5'-GGAATTCATGGGCTGTGACCGGAACTGTG-3), sense primer II (5'-CCCAAGCTTATGGGGCTCA-TCGCTGGGGCTG-3'), antisense primer I (5'-GC-TCTAGATTATTTTATTGTTTTCGATCTGCATG-3'), and antisense primer II (5'-GCTCTAGATTAGCA-TGCACAATATGAAATCATAAAAG-3'). CD36 ΔN, a N-terminus truncated form of CD36, DNA fragment was amplified by PCR using sense primer II and antisense primer I and then was subcloned into the HindIII and Xba I sites of a stable expression vector, pcDNA3.1 (Invitrogen). In this construct, an initiation codon has been inserted at position 7 so as to initiate translation just before the hydrophobic domain at the N-terminus of CD36. CD36 ΔC, a C-terminus truncated form of CD36, DNA fragment was amplified by PCR using sense primer I and antisense primer II and then was subcloned into the EcoRI and Xba I sites of a stable expression vector, pcDNA3.1 (Invitrogen). In CD36 ΔC, a stop codon has been inserted at position 462 to terminate translation after the hydrophobic domain at the C-terminus of the protein. CD36 ΔN/C, N-terminus and C-terminus truncated form of CD36, DNA fragment was constructed as previously described . All sequences of these constructs were confirmed by DNA sequencing. 293T cells were transiently transfected with these constructs using electroporation. As a control, pcDNA3.1 vector only was also transfected. 2 days after transfection into human embryonic kidney (HEK) 293T cells, surface expression of CD36 variants was confirmed by flow cytometry using a monoclonal anti-human CD36 antibody FA6-152 and an FITC conjugated anti-mouse IgG secondary antibody as previously described (Lee et al., 2004) . The anti-CD36 antibody recognizes an epitope in the extracellular portion of CD36. Stable DNA transfection with these constructs DNAs was also performed in U937 cells using electroporator (Invitrogen). Stable transfectants were selected in RPMI1640 medium containing 10% FBS and 0.6 mg/ml G418 (Invitrogen) for 4 weeks. Resistant clones were selected and then their cell surface expression levels of wild type and mutant CD36 were examined as described above.
Cell culture and heat shock conditions
U937 cells were cultured in RPMI1640 medium supplemented with 10% FBS, 100 units/ml penicillin, and 100 μg/ml streptomycin (all from Invitrogen) in 5% CO2 at 37 o C. For cultures of dominant-negative CD36 transfectants, G418 were added to the complete RPMI medium at a concentration of 0.6 mg/ml. MCF-7 cells were cultured in DMEM containing 10% FBS and antibiotics (Gibco BRL, Grand Island, NY). To induce Hsp70 synthesis, culture plates containing U937 cells were wrapped tightly with parafilm and immersed in a water bath for 20 min at 42 o C.
Western blot analysis
Western blot analysis was performed for detecting Hsp70 protein expression as previously described (Choi et al., 2007) . Sparse or confluent cultures were incubated with OxLDL (80 μg/ml) for different time periods (up to 8 h). Cells were lysed in NP40 lysis buffer [1% Nonidet P40, 0.15 M NaCl, 0.05M Tris (pH 8.0), 5 mM EDTA]. Equal amounts of protein from the different samples were subjected to SDS-PAGE on a 10% polyacrylamide gel, after the addition of β-mercaptoethanol (2%), glycerol, and bromophenol blue. Cell lysates were subjected to 10% SDS-PAGE electrophoresis, and then transferred to nitrocellulose membranes. The membranes were incubated for 1 h at room temperature with blocking solution (3% BSA in TBS containing 0.05% Tween 20), and incubated with Hsp70 antibodies (1:1,000 dilution) while they were shaken in TBS buffer containing 0.05% Tween 20 for 2 h at room temperature. After incubation with primary antibody, the blot was incubated with an appropriate secondary anti-IgG-HRP conjugate. The membrane was washed five times for 5 min in Trisbuffered saline, 0.05% Tween 20, and developed with ECL chemiluminescent substrate (Amersham Biosciences).
Northern blot analysis
Expression of Hsp70 mRNA was determined by Northern blot analysis as previous described (Lee et al., 2004) . Total RNA was extracted from U937 cells with the TRIzol reagent (Life Technologies, Rockville, MR). Total RNA was quantified spectrophotometrically, and 20 μg RNA was separated in 0.8% formaldehyde/agarose gels and transferred to nylon membranes in 10× SSC buffer [1.5 M NaCl, 0.15 M C 6 H 5 O 7 NaㆍH 2 O (pH7.0)] by capillary action. Hsp70 cDNA probe was prepared by cutting pcDNA3.1-Hsp70 plasmid DNA with HindIII and Xba I. As internal control probe, GAPDH cDNA probe was obtained by RT-PCR using forward primer, 5'-TCGGAGTCAACGGATTTGGTCGTA-3' and reverse primer, 5'-ATGGACTGTGGTCAGAG-TCCTTC-3'. All sequences of the PCR product were confirmed by DNA sequencing. Hsp70 and GAPDH cDNA probes were labeled with [α-32 P] dCTP by random primer labeling according to the manufacturer (Promega, Madison, WI). Blots were hybridized with the 32 P-labeled Hsp70 and GAPDH probes for 16 h at 42 o C in hybrizol-N northern hybridization solution (iNtRON biotechnology, Seoul, Korea). After washing once in 1×SSC buffer containing 0.1% SDS at RT for 20 min and three times in 0.2 ×SSC buffer and 0.1% SDS for 20 min at 68 o C, the blots were analyzed by exposure to X-Omat AR film (Eastman Kodak Co.) at -70 o C.
RNA Interference
The siRNA duplexes were constructed with the following target sequences; CD36, sense (5'-AA-
The template oligonucleotides for GAPDH were supplied by Ambion Inc. (Austin, TX). The construction of siRNA directed against control or CD36 was carried out according to the instruction manual provided by the manufacturer (Ambion, Austin, TX). Briefly, two 29-mer DNA oligonucleotides (siRNA template) with 21 nucleotides encoding the siRNA and 8 nucleotides complementary to the T7 promoter primers were synthesized and desalted. In separate reactions, the two siRNA oligonucleo- tide templates were hybridized to a T7 promoter primer. The 3' ends of the hybridized oligonucleotides were extended by the Klenow fragment of DNA polymerase to create double-stranded siRNA transcription templates. The sense and antisense siRNA templates were transcribed by T7 RNA polymerase, and the resulting RNA transcripts were hybridized to create dsRNA. The leader sequences were removed by digesting the dsRNA with a single-strand specific ribonuclease. The resulting siRNA was purified by using glass fiber binding and elution. siRNAs targeting PPARγ coding sequences were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). The siRNA sequences were 5'-GUUGACACAGGAUGCCAUUTT-3'. Cells were transfected with 100 nM siRNA duple- Figure 2 . The effect of OxLDL on Hsp70 protein expression is dependent on the expression levels of CD36. (A) U937 cells were transiently transfected with CD36 or tyrosinase siRNA as mismatched siRNA. After transfection, the cells were incubated for 24 h in SFM and then analyzed for CD36 mRNA expression by Northern blot (NB) analysis. GAPDH bands were detected as loading controls. The graph represents relative expression levels of CD36, shown as relative band intensity by densitometer measurements. CD36 expression level of controls is designated as 100%. (B) After transfection of siRNAs as in (A), the cells were treated with OxLDL (80 μg/ml) for 8 h, and then induction levels of Hsp70 were determined. β-actin levels were also determined as loading controls. (C) MCF-7 cells were stimulated with troglitazone (10 μM) or ATRA (1 μM) for 4 days prior to OxLDL (80 μg/ml) treatment for 8 h. Expression levels of Hsp70 protein were evaluated by Western blot analysis. Relative expression levels of Hsp70 are shown as previously described.
xes by electroporation (300V, 950 μF) using electroporator (Bio-Rad, Gene Pulser II apparatus). After transfection, medium was changed, and cells were maintained in medium with FBS for 24 h. Depletion of CD36 and PPARγ was confirmed by Western blotting. Cells were then treated with OxLDL or troglitatazone as specified above. The effect of treatment of cells with siRNAs on Hsp70 protein levels was determined by immunoblotting of cell lysates.
Hsp70 stability
U937 cells were cultured at a density of 1 × 10 6 cells in serum-free RPMI and then heat-shocked for 20 min at 42 o C. Cells were then exposed to 5 μg/ml cycloheximide, 5 μM troglitazone, or both after 0, 1, 2, 4, 6 h following heat shock. 8 h after heat shock, cells were lysed and subsequently subjected to Western blot analysis using Hsp70 antibodies as described above.
Results
Binding of OxLDL to CD36 inhibits OxLDL-mediated induction of Hsp70 expression in U937 cells
To determine whether OxLDL induces expression of Hsp70 in U937 cells, cells were treated with various concentrations of OxLDL (10-80 μg/ml) for 8 h. Immunoblot analysis with anti-Hsp70 monoclonal antibody showed that OxLDL readily induced the expression of Hsp70, with OxLDL concentrations ranging from 40 to 80 μg/ml, but not that of Hsp27 ( Figure 1A) . In contrast, native LDL did not induce the expression of Hsp70 or Hsp27 (data not shown).
To investigate whether the CD36 molecule is involved in OxLDL-mediated induction of Hsp70 expression, we constructed stable expression vectors bearing CD36 dominant negative constructs, containing deletions either in the N-terminal domain (CD36ΔN), the C-terminal cytoplasmic domain (CD36ΔC), or both cytoplasmic domains of CD36 (CD36ΔN/C). Previously it was shown that the soluble CD36-Ig chimeric molecule containing only the extracellular domain efficiently competed with the intact CD36 for binding of OxLDL (Stewart and Nagarajan, 2006) . We confirmed expression of these CD36 variants on the plasma membrane of HEK293T cells by flow cytometry ( Figure 1B) . After U937 cells were transfected with CD36 mutant constructs, stably transfected U937 cells showing high level of CD36 expression were selected among the transfected cell lines. U937 mock-and CD36 dominant negative-transfectants were then treated with OxLDL (80 μg/ml) for 8 h. Immunoblot analysis showed that, contrary to what might be expected, Hsp70 expression drastically increased in the cells expressing CD36 variants compared with control U937 mock-transfected cells ( Figure  1C ). In contrast, no difference was observed between the control and CD36 variant-transfected cells in Hsp70 expression after mild heat shock or treatment with 15d-PGJ 2 , a factor which induces Hsp70 expression independently of OxLDL ( Figure  1D ). These results suggest that CD36 signaling inhibits Ox-LDL-mediated Hsp70 expression.
To confirm whether CD36 activation inhibits Hsp70 induction, we transiently transfected U937 cells with siRNAs for the CD36 gene and then treated them with OxLDL. Northern blot analysis revealed a decrease in CD36 mRNA expression in cells transiently transfected with CD36 siRNAs, compared to control cells transfected with mismatched tyrosinase siRNAs (Figure 2A ). The effect of CD36 siRNA on CD36 protein expression on the U937 cell surface was confirmed by FACS analysis (data not shown). As shown in Figure 2B , treatment with CD36 siRNA led to increased Hsp70 expression in U937 cells. This finding was supported by the results showing that CD36-downregulated cell lines expressed more Hsp70 proteins than CD36-upregulated cells when they were treated with OxLDL. Consistent with a previous report (Elstner et al., 1998) , exposure of human breast carcinoma MCF-7 cells, which express CD36 and PPARγ, to troglitazone (10 μM, 4 days) increased expression of CD36 protein about 2-fold when compared to untreated MCF-7 cells; their exposure to all-trans-retinoic acid (ATRA; 1 μM, 4 days) alone decreased CD36 expression about 2-fold compared with untreated cells (data not shown). When MCF-7 cells were treated with OxLDL following their exposure to troglitazone, expression of Hsp70 decreased ( Figure 2C ). In contrast, OxLDL-induced Hsp70 expression increased in MCF-7 cells treated with ATRA. Taken together, these results indicate that OxLDL-induced CD36 signaling down-regulates Hsp70 expression not only in U937 monocytic cells but also in MCF-7 epithelial cells.
CD36-mediated inhibition of Hsp70 expression is through activation of PPARγ
The binding of OxLDL to CD36 has been known to activate PPARγ (Nicholson et al., 1995; Tontonoz et al., 1998) . To determine if OxLDL inhibits Hsp70 expression through activation of PPARγ, we preincubated U937 cells with PGF2γ (0.1 μM) for 1 h prior to OxLDL treatment. PGF 2α has been shown to inactivate PPARγ through phosphorylation (Reginato et al., 1998) . Immunoblot assays were then used to determine whether PGF 2α modulates the activity of OxLDL. Addition of PGF 2α diminished the inhibitory effect of CD36 on OxLDL-induced Hsp70 protein expression, but not mRNA expression ( Figure 3A and B). PGF 2α alone had no effect on Hsp70 protein expression. These results indicate that CD36-mediated inhibition of Hsp70 induction is indeed via PPARγ activation.
We next examined the effect of synthetic PPARγ activators on OxLDL-induced Hsp70 expression in CD36ΔN/C transfectants. Thiazolidinediones (TZDs) such as ciglitazone and troglitazone are known to be PPARγ-selective activators (Consoli and Devangelio, 2005) . Ciglitazone alone had no effect on Hsp70 protein expression. However, treatment of CD36ΔN/C transfected cells with both OxLDL and ciglitazone resulted in a dramatic decrease in the expression levels of Hsp70 protein when compared to OxLDL treatment only ( Figure 3C ). Consistent with the results described above, the activation of PPARγ by ciglitazone also did not appear to inhibit Hsp70 mRNA expression ( Figure 3D ). Similar results were obtained with troglitazone (data not shown).
To confirm the inhibitory effect of PPARγ activation on Hsp70 induction, we then transiently transfected U937 cells with siRNAs directed against PPARγ. Transfection of U937 cells with siRNAs for PPARγ resulted in a diminished expression of PPARγ mRNA ( Figure 3E ). Figure 3F reveals that treatment with PPARγ siRNA led to increased Hsp70 protein expression in U937 cells with OxLDL treatment. Taken together, these results suggest that CD36 signaling attenuates Hsp70 expression at the post-transcriptional level through activation of PPARγ.
CD36 signaling downregulates Hsp70 expression through inhibition of translation via PPARγ activation
To further validate that CD36 signaling regulates Hsp70 gene expression at the post-transcriptional level, we then chose to examine whether Hsp70 mRNA expression is drastically altered by the overexpression of CD36 variants compared with control U937 cells when treated with OxLDL. Results showed that there was no difference Figure 3 . The effect of OxLDL on Hsp70 protein expression is dependent on PPARγ. (A) U937 mock-transfectants were pre-incubated in 1 ml of SFM in the absence or presence of PGF2α (0.1 μM) for 1 h, prior to incubation in the absence or presence of OxLDL (80 μg/ml). After 8 h, expression levels of Hsp70 protein were evaluated by Western blot analysis. (B) U937 mock-transfectants were treated as in (A) and then analyzed for Hsp70 mRNA expression by Northern blot analysis. GAPDH bands were detected as loading controls. (C) U937 CD36 ΔN/C transfectants were pre-incubated in 1 ml of SFM in the absence or presence of ciglitazone (5 μM) for 1 h and then treated as in (A). Expression levels of Hsp70 protein were evaluated by Western blot (WB) analysis. (D) After treated as in (C), U937 CD36 ΔN/C transfectants were collected and analyzed for Hsp70 mRNA expression by Northern blot analysis. (E) U937 cells were transiently transfected with PPARγ or CD36 siRNA. After transfection, the cells were incubated for 24 h in SFM and then analyzed for PPARγ mRNA expression by Northern blot analysis. GAPDH bands were detected as loading controls. (F) U937 cells were transiently transfected with either PPARγ or control GAPDH siRNA. After transfection, cells were treated with OxLDL (80 μg/ml) for 8 h. Induction levels of Hsp70 protein were then determined by Western blot analysis, with β-actin levels serving as loading controls. Relative expression levels of Hsp70 are shown as values relative to Hsp70 expression levels of untreated controls (designated as 100%). o C and then exposed to 5 μg/ml cycloheximide (CHX) (B), 5 μM troglitazone (Trog) (C), or both reagents (D) after 0, 1, 2, 4, 6 h following heat shock treatment. At 8 h, protein lysates were prepared and subjected to Western blot (WB) analysis to monitor Hsp70 protein levels. (E) U937 cells were transiently transfected with PPARγ or control GAPDH siRNA. After transfection, cells were subjected to heat shock and then exposed to 5 μM troglitazone for 8 h; protein lysates were prepared and subjected to Western blot analysis to monitor Hsp70 protein levels. β-actin levels served as loading controls. Relative expression levels of Hsp70 are shown as values relative to Hsp70 expression levels of untreated controls (designated as 100%).
between control U937 cells and CD36 variant transfectants in the expression levels of Hsp70 mRNA ( Figure 4A ). As shown in Figure 1C , the expression levels of Hsp70 protein were higher in CD36 variant transfectants than in control U937 cells. Thus, CD36 signaling may regulate Hsp70 gene expression at the post-transcriptional level.
Next, we tested whether PPARγ activation decreases Hsp70 protein stability. We hypothesized that if this were the case, then troglitazone treatment should accelerate Hsp70 elimination under conditions in which translation is blocked by the protein synthesis inhibitor cycloheximide. As shown in Figure 4B and 4C, Hsp70 expression was reduced in the U937 cells treated with cycloheximide or troglitazone after 0-2 h following heat shock. Troglitazone had no discernible effect on the rate or extent of Hsp70 downregulation following the addition of cycloheximide ( Figure 4D) . As a control, actin protein levels were also examined and no differences were observed ( Figure  4B-D) . Thus, PPARγ activation does not decrease Hsp70 protein stability in U937 cells, suggesting that it might suppress de novo synthesis of Hsp70 proteins.
Previous reports have shown that troglitazone-mediated suppression of translation is independent of PPARγ activation (Palakurthi et al., 2001; Cho et al., 2006) . Since these results were contradictory to ours, we conducted experiments to confirm a direct role for PPARγ in toglitazone-mediated inhibition of Hsp70 protein expression in human monocytes. U937 cells were transiently transfected with siRNAs for PPARγ, or for GAPDH as a control. Transient transfectants were treated with troglitazone for 8 h immediately after heat shock. Figure  4E showed that siRNA inhibition of PPARγ reversed the suppressive effects of troglitazone on Hsp70 protein expression, whereas that of GAPDH did not. These results indicate that troglitazone inhibits Hsp70 protein expression via a PPARγ-dependent mechanism.
Discussion
Several reports have shown that OxLDL induces expression of Hsp70 in human endothelial cells and smooth muscle cells (Zhu et al., 1994 (Zhu et al., , 1995 (Zhu et al., , 1996 . Our finding described here show that Hsp70 can be induced by OxLDL in monocytes/macrophages as well. OxLDL may cause oxidative damage to the arterial wall and macrophages, leading to the induction of Hsp70 in atherosclerotic plaque. In fact, Hsp70 induction was observed in the necrotic lipid core of advanced lesions in hyperhomocysteinemic apolipoprotein E-deficient mice (Zhou et al., 2004) as well as in human and rabbit atherosclerotic lesions (Berberian et al., 1990; Geetanjali et al., 2002) . However, the molecular mechanisms underlying OxLDL-mediated Hsp70 induction are unknown. OxLDL uptake into monocytes/macrophages is mediated by scavenger receptors such as CD36 and SR-A (Nicholson and Hajjar, 2004) . CD36 plays a key role in the binding and internalization of OxLDL. In this study, we investigated the role of CD36 and its functional components of the cytoplasmic tail in OxLDL-mediated Hsp70 induction. CD36 contains the N-terminal cytoplasmic tail, which plays a role in targeting the receptor to the plasma membrane (Tao et al., 1996; Gruarin et al., 2000) . The C-terminal tail is known to induce intracellular signaling events (Huang et al., 1991; Bull et al., 1994) . In the present study, three truncated CD36 constructs, localized in the Nand/or the C-terminal cytoplasmic tails, were produced and stably expressed in U937 cells. These constructs contained an extracellular domain and both N-and C-terminal transmembrane domains; the binding domain of OxLDL is located in the extracellular domain (Puente Navazo et al., 1996; Pearce et al., 1998) . A previous study showed the C-terminal cytoplasmic tail was required for the endocytosis of OxLDL (Malaud et al., 2002) . These results suggest that overexpression of CD36 variants in monocytes may suppress the function of intact CD36 in a dominant-negative way by inhibiting the OxLDL-mediated CD36 signaling. Hsp70 expression drastically increased in the cells overexpressing CD36 variants compared with control U937 cells when they were treated with OxLDL. This indicates that the binding of OxLDL to CD36 and subsequent internalization may trigger signaling that inhibits Hsp70 induction in monocytes, while OxLDL may induce Hsp70 expression if it binds to membrane components other than CD36. In addition, findings show that both cytoplasmic domains of CD36 may be responsible for the inhibitory function of CD36. Involvement of CD36 in regulation of OxLDL-mediated Hsp70 induction is supported by the CD36-downregulated MCF-7 cell lines that induced more Hsp70 protein than CD36-upregulated ones when they were treated with OxLDL. Thus, these combined studies show, for the first time, that CD36 is involved in regulating Ox-LDL-mediated Hsp70 expression.
Our data demonstrates that PPARγ is involved in the CD36-mediated inhibition of Hsp70 expression. PPARγ is a member of a nuclear hormone receptor superfamily that heterodimerizes with the RXR and up-regulates the transcription of genes involved in adipogenesis and lipid metabolism (Tontonoz et al., 1995) . Addition of PGF 2α , a PPARγ inactivator, diminished the inhibitory effect of CD36 signaling on OxLDL-induced Hsp70 protein expression in U937 cells. In addition, knockdown of PPARγ by injection of siRNA showed the same effect as the PGF 2α treatment. Dramatic decreases in the expression levels of Hsp70 protein were observed in the CD36ΔN/C transfectants treated with both OxLDL and ciglitazone, a synthetic PPARγ activator, when compared with the group treated with OxLDL only, reflecting the inhibitory effect of ciglitazone. Therefore, the conclusion can be reached that PPARγ mediates the CD36 inhibitory signaling of Hsp70 induction, which is triggered by OxLDL binding.
Additionally, we show here that PPARγ ligands suppress the expression of stress-induced proinflammatory genes such as Hsp70 at the translational level. Previous studies showed that treatment of cells with PPARγ activators such as TZDs and PGJ2 inhibited translation by phosphorylating the eukaryotic initiation factor-2α (eIF-2α) subunit (Palakurthi et al., 2001; Cho et al., 2006) . These inhibitory effects appear to be independent of PPARγ activation. However, our data demonstrate that specific inhibition of PPARγ activity by siRNA transfection or PGF 2α treatment leads to an increase in OxLDL-induced Hsp70 protein expression. Also, siRNA inhibition of PPARγ reversed the troglitazone-mediated inhibition of Hsp70 protein expression. Collectively, these results suggest that OxLDL and TZDs may inhibit translation by PPARγ-dependent as well as PPARγ-independent mechanisms in monocytes/macrophages. Recent studies suggest that PPARγ can suppress the function of other transcription factors, such as the nuclear receptor co-repressor (NCoR)-histone deacetylase-3 (HDAC3) complexes, by direct interaction . Therefore, it is possible that PPARγ activation leads to the suppression of translation by binding to translation machinery proteins under oxidative stress conditions as well. It remains to be elucidated whether PPARγ regulates translation through a direct interaction with translation factors, and, if so, which factors. Thus, molecular mechanisms underlying anti-inflammatory properties of PPARγ may include not only transrepression of NF-κB-mediated transcription but also suppression of de novo synthesis of stress-induced pro-inflammatory proteins.
In summary, we demonstrate here that the binding of OxLDL to CD36 inhibits Hsp70 expression in monocytes through a PPARγ-dependent pathway. Moreover, our findings provide the first evidence that CD36 and PPARγ signaling regulates oxidative stress-induced Hsp70 expression at the translational level. These findings reveal a molecular basis for control of OxLDL-induced inflammation by CD36 and PPARγ, thereby suggesting a new approach in the pursuit of treatment for inflammatory reactions found in atherosclerosis.
